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 Adenocarcinoma of the pancreas is a formidable foe. The 
disease remains silent until late in its course, rendering only 
about 20% of patients eligible for definitive surgical remov-
al. The overall survival at 5 years is 5%. Many genes contrib-
ute to the pathobiology of this cancer (reviewed in Furu-
kawa et al., 2006; Karhu et al., 2006), but the role of many 
genetic alterations remains to be elucidated. Cell lines con-
tinue to be an important resource for such research, espe-
cially because of the significant admixture of normal cells 
with tumor cells in primary specimens. We previously re-
ported the establishment of 11 pancreatic cancer cell lines 
(Jaffee et al., 1998) in which allelotyping and cytogenetic 
analysis confirmed that the cell lines accurately reflected 
the primary tumors. We now report comprehensive molec-
ular cytogenetic analysis of these and an additional four cell 
lines, using SKY, CGH, and YAC mapping of selected chro-
mosomal regions. 

  Abstract.  Karyotype analysis can provide clues to sig-
nificant genes involved in the genesis and growth of pan-
creas cancer. The genome of pancreas cancer is complex, 
and G-band analysis cannot resolve many of the karyotyp-
ic abnormalities seen. We studied the karyotypes of 15 re-
cently established cell lines using molecular cytogenetic 
tools. Comparative genomic hybridization (CGH) analysis 
of all 15 lines identified genomic gains of 3q, 8q, 11q, 17q, 
and chromosome 20 in nine or more cell lines. CGH con-
firmed frequent loss of chromosome 18, 17p, 6q, and 8p. 
14/15 cell lines demonstrated loss of chromosome 18q, ei-
ther by loss of a copy of chromosome 18 (n = 5), all of 18q
(n = 7) or portions of 18q (n = 2). Multicolor FISH (Spectral 
Karyotyping, or SKY) of 11 lines identified many complex 
structural chromosomal aberrations. 93 structurally abnor-
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mal chromosomes were evaluated, for which SKY added 
new information to 67. Several potentially site-specific re-
current rearrangements were observed. Chromosome re-
gion 18q11.2 was recurrently involved in nine cell lines, in-
cluding formation of derivative chromosomes 18 from a 
t(18;   22) (three cell lines), t(17;   18) (two cell lines), and t(12;  
 18), t(15;   18), t(18;   20), and ins(6;   18) (one cell line each). To 
further define the breakpoints involved on chromosome 18, 
YACs from the 18q11.2 region, spanning approximately 8 
Mb, were used to perform targeted FISH analyses of these 
lines. We found significant heterogeneity in the breakpoints 
despite their G-band similarity, including multiple inde-
pendent regions of loss proximal to the already identified 
loss of  DPC4  at 18q21.  Copyright © 2007 S. Karger AG, Basel 
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  Materials and methods 

 Cell lines 
 The methods for establishment and characterization of 11 cell lines 

(Panc 1.28, 2.03, 2.13, 3.27, 4.03, 4.14, 4.21, 6.03, 8.13, 9.06, 10.05) are 
described in detail elsewhere (Jaffee et al., 1998). Four additional cell 
lines from patients undergoing resection of primary adenocarcinoma 
of the pancreas (cell lines 2.02, 2.05, 2.08, 2.43), were established using 
the same conditions. All specimens were cultured in media formu-
lated for optimal epithelial cell growth with the addition of insulin 
growth factors. Cell lines were grown in culture for 3–4 months and 
then frozen in liquid nitrogen at passage 4 to 17. When thawed for 
analysis, cultures were passaged an additional 4–5 times before har-
vest. 

  Karyotypes 
 G-band cytogenetic analysis was performed using standard tech-

niques (Griffin et al., 1995). At least 20 metaphases were analyzed for 
each cell line. The G-banded karyotypes of the 11 previously described 
lines, with the exception of cell line 4.14, were reported previously 
(Jaffee et al., 1998). Karyotypes were described using guidelines estab-
lished by International System for Human Cytogenetic Nomenclature 
(ISCN 2005).

  Metaphase comparative genomic hybridization 
 DNA was isolated from cultured cells using standard protocols. 

Preparation of probes, hybridization, and image analysis was per-
formed as previously described (Riopel et al., 1998). Briefly, reference 
and tumor DNA were labeled with Texas Red and FITC-dUTP (Du-
Pont, Boston, MA) or with Spectrum-Red and Spectrum-Green-dUTP 
(Vysis, Downers Grove, IL) and cohybridized in equimolar amounts 
onto normal male metaphases. Hybridization proceeded for three days 
at 37   °   C in a moist chamber. Following washes in 2 !  SSC at 75   °   C, 37   °   C 
and room temperature, the chromosomes were counterstained with 
DAPI in antifade. A minimum of fifteen metaphases were captured 
and analyzed to generate a ratio profile. Analysis was performed utiliz-
ing dedicated software and hardware of the Cytovision system (Ap-
plied Imaging Corp., San Jose CA). Overrepresentations were inter-
preted from ratios  1 1.25; highly amplified  1 1.5, underrepresentations 
 ! 0.75.

  Spectral Karyotyping 
 Spectral Karyotyping  �  (SKY) analysis was performed on air-dried 

slides, made from standard cytogenetic harvests, hybridized according 
to the protocol supplied by the probe manufacturer (Applied Spectral 
Imaging, Inc., Carlsbad, CA). Slides were incubated with the separate-
ly denatured probe mix for two days, then washed and detected. The 
SKY probe is a mixture of whole-chromosome paint probes for each 
chromosome, combinatorially labeled with five fluorochromes. Meta-
phase images were acquired on a Zeiss Axiophot microscope with the 
ASI SpectraCube SD200, and DAPI counterstained images inverted by 
SkyView software (ASI) to provide enhanced banding. Five cell lines 
were analyzed at NHGRI using a Leica microsope with SpectraCube 
SD200 and SkyView software. Ten metaphases were captured and ana-
lyzed for each cell line. Chromosome abnormalities were described ac-
cording to ISCN (2005) guidelines whenever possible. 

  Targetted FISH 
 YACs localized to the 8p21 and 18q11.2 regions were used (Fonda-

tion Jean Dausset-CEPH, Paris, France). DNA was prepared, labeled 
with Spectrum Green and Spectrum Orange fluorochromes and cohy-
bridized with CEP 8 or 18 centromere probes (Vysis) to metaphases 
from normal cells to verify location and lack of chimerism, and to se-
lected cell lines using standard FISH protocols. DAPI counterstained 
images were used to further identify derivative and normal chromo-
somes.

  Results and discussion 

 CGH  
 CGH identified extensive copy number gains and losses 

in all 15 cell lines, with an average of 19.5 copy changes per 
line. Results are summarized in  Table 1  and  Fig. 1 . The 
number of genomic gains per cell line ranged from 8 to 15, 
with an average of 11.1.

  Gain of 11q was the most common, found in 13 lines. 
Gain of 8q was observed in 11 lines, followed by 17q (10 
lines), 20q (10 lines), 3q (9 lines), 1q (8 lines), 14q (7 lines), 
15q (7 lines), 2q (6 lines), 12p (5 lines), and 19q (5 lines ). 
Gains occurred both through gain of an entire chromo-
some and of a portion of a chromosome. High level gains 
were found most often on chromosome 8q, including 
8q24.2 ] q24.3 in two cell lines, and at 8q21 ] qter and all of 
8q in one line each. Other areas of high level gain were found 
at 3q23 ] qter, 14q11.2 ] qter, and 12p in one cell line each.

  Genomic losses per cell line ranged from 2 to 15 with an 
average of 8.3. Loss of chromosome 18 material was the 
most common finding. This occurred by loss of a copy of 
chromosome 18 in five lines, loss of 18q in seven, and loss 
of a portion of 18q in two lines. Other frequent genomic 
losses included 17p (11 lines), 6q (nine lines), 8p (nine lines), 
10q (six lines), and the Y chromosome (five of seven cell 
lines from males). Similar to what we observed for gains, 
loss occurred both through loss of an entire chromosome or 
portions of the chromosome. 

  These findings are similar to those in reports of chromo-
somal CGH analysis of other pancreas cancer cell lines and 

Table 1. Summary of CGH gains and losses

Chromosome 
region

No. of lines 
(% of all lines)

Through gain/
loss of entire 
chromosome

Through gain/loss 
of less than entire 
chromosome

GAIN
11q 13 (86.6) 4 9

8q 11 (73.3) 3 8
20q 10 (66.6) 6 4

3q 9 (60.0) 2 7
1q 8 (53.3) 0 8
7p 7 (46.6) 2 5
7q 7 (46.6) 2 5

14q 7 (46.6) 3 4
15q 7 (46.6) 2 5

2q 6 (40.0) 3 3
12p 5 (33.3) 0 5
19q 5 (33.3) 3 2

LOSS
18q 14 (93.3) 5 9
17p 11 (73.3) 0 11

6q 9 (60.0) 3 6
8p 9 (60.0) 0 9

10q 6 (40.0) 3 3
Y 5 (71.4)a 5 0

a Seven cell lines were from males; 5/7 = 71.4%.
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primary tumors (Solinas-Toldo et al., 1996; Fukushige et al., 
1997; Mahlamaki et al., 1997, 2002; Curtis et al., 1998; Gha-
dimi et al., 1999; Schleger et al., 2000; Shiraishi et al., 2001; 
Harada et al., 2002; Kitoh et al., 2005). As noted in a recent 
review (Karhu et al., 2006), 14–27 genetic changes per cell 
line were observed in published reports. As summarized in 
that review, the most commonly reported losses have been 
6q (30–50% of cases), 9p (30–89%), 13q (15–67%), and 18q 
(42–89%). These series have found gains at 7q (56–67%), 8q 
(24–67%), 11q (56–67%), 17q (15–58%), and 20q (15–83%). 

  Spectral karyotyping (SKY) 
 The complexity of the G-band karyotypes of pancreatic 

cancer cell lines precludes full interpretation of structural 
rearrangements. We used SKY to further characterize chro-
mosomal abnormalities in 11 lines. 93 structurally abnor-

mal chromosomes were investigated, and SKY provided ad-
ditional information in 67. The cell line karyotypes are list-
ed in  Table 2 , and the breakpoints of clonal structural 
chromosomal aberrations are summarized in  Fig. 2 . A rep-
resentative SKY metaphase is shown in  Fig. 3 . 

  Rearrangements included 11 whole arm translocations, 
only one of which was seen twice: der(1;   7)(p10;q10) in lines 
2.3 and 6.3. 14q10 was involved in translocations with 5q10, 
19q10, and 22q10 one time each; 15q10 was involved in 
translocations with 5p10 and 20q10 one time each. Ten iso-
chromosomes were observed: i(22)(q10) and i(13)(q10) were 
found in three cell lines each, while i(1)(q10), i(5)(q10), 
i(8)(q10), and i(14)(q10) were observed once.

  Translocations that appeared to be balanced were rare. 
These included t(3;   14)(p21;q22)del(14)(q22q32) in line 1.28, 
t(8;   11)(q13;p15) in line 1.28, t(7;   16)(q36;q11.2) in line 2.43, 

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 X Y

Fig. 1. Metaphase CGH analysis of 15 pancreatic carcinoma cell 
lines. Lines indicate areas of loss (to the left of chromosome) and gain 
(to the right).
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13 14 15 16 17 18

19 20 21 22 X Y

      Fig. 2.  Chromosomal breakpoints derived by SKY and G-band 
karyotypes.  (  SKY indicated a balanced rearrangement;  $  breakpoint 
derived from G-banded karyotype (SKY not performed). 
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and inv(11)(q13p15) in line 2.43. Unbalanced translocations 
were much more common. One apparently recurrent aber-
ration was observed, der(18)t(18;   22)(q11.2;q11.2) in three 
cell lines. We further characterized these derivative chro-
mosomes 18 using YACs (see below).

  SKY has been utilized previously to characterize only a 
few pancreatic cancer cell lines. SKY analysis of cell lines 
AsPC1, BxPC3, Capan 2, MiaPaCa2, PANC1, and CFPAC 
have been studied by two groups (Ghadimi et al., 1999; Siri-
vatanauksorn et al., 2001). Cell lines Hs766t, A18.1, FA6, 
MDA Panc3, PaTu1, PaTuII, QGP1, RO, RWP, SUIT2, 
SW979, and T3M have been analyzed by Sirivatanauksorn 
et al. (2001); Capan1, and Su86.86 have been reported by 
Ghadimi et al. (1999). All have found multiple complexly 
rearranged chromosomes. 

  Of 144 chromosomal aberrations identified in the six cell 
lines that Ghadimi et al. (1999) analyzed by both SKY and 
CGH, only six were balanced aberrations. The only recur-
rently involved bands were 7q21 (in two translocations) and 
7q31 (in three).

  Of 344 chromosomal aberrations identified in the 20 cell 
lines analyzed by SKY by Sirivatanauksorn et al. (2001), 15 
recurrent aberrations were found, all unbalanced. Eight of 
these were isochromosomes, including i(5)(p10) (in six cell 
lines), i(12)(p10) (n = 4), i(1)(q10) (n = 3), i(14)(q10) (n = 2), 
i(8)(p10) (n = 2), i(18)(p10) (n = 2), i(19)(q10) (n = 2), i(21)(q10) 
(n = 2), one was a Robertsonian translocation der(13;   15)
(q10;q10) (n = 2), and the remainder were interpreted as ter-
minal deletions, including del(11)(q23) (n = 5), del(7)(q22) 
(n = 3), del(10)(p11) (n = 3), del(1)(p22) (n = 2), del(17)(q21) 
(n = 2), del(18)(q21) (n = 2).

Table 2. Karyotypes of pancreatic carcinoma cell lines interpreted using SKY (except Line 4.14)

Cell Line Karyotype

Panc 6.03 70�73<4n>,XX,–Y,–Y,+der(1)t(1;20;8)(?;?;?)dup(20)(?),ins(4;1)(q26;q42q44)x2,–7,der(7)t(7;11)(q31;q22),del(8)(p21)!2,
der(8)t(8;22)(p22;q13)x2,–9,–9,–10,–10,–10,der(12)t(12;18)(p11.2;q12)!2,–13,–13,der(14;19)(q10;q10),
der(14;22)(q10;q10),–17,–17,–18,–18,der(18)t(18;22)(q11.2;q11.2),–19,–22,i(22)(q10),1�3dmin[cp6]

Panc 2.03 71�77<4n>,XX,der(X)t(X;1)(p22.1;q25),der(X;4)(q10;p10),del(1)(q11),der(1;3)(q10;q10)!2,+der(1;7)(p10;q10),
der(5;14)(q10;q10)!2,–6,–6,dup(8)(q23q24.3)!2,der(8)t(8;18)(p21;q23)!2,–9,–9,–10,–10,
der(11)t(11;17)(p15;q21)dup(11)(p14p15)!2,–13,–13,der(17)t(9;17)(q21;p11.2)!2,
der(18)t(18;22)(q11.2;q11.2)dup(22)(q?)!2,der(19)t(2;19)(q36;q13.4)!2,–21,–22,–22,1�2dmin [cp5]

Panc 2.13 42�43,XX,der(1;21)(p10;p10)del(1)(p34.1p36.1),i(1)(q10),der(5;15)(p10;q10),+i(5)(q10),–6,der(6)t(3;6)(q21;p21.3),
der(7)t(3;7)(q21;q32),del(8)(p21),der(9)t(9;13)(p21;q12),r(10)del(10)(?),del(16)(p12),der(17)t(17;21)(p11.2;q22),
der(18)ins(6;18)(p12;p11.3q12)del(6)(p12q25),–21,–22 [cp7]/80<4n>,idemx2,–X,–X,–i(5),–i(5),–r(10),–r(10),–21,–21 [1]

Panc 9.06 70�73<4n>,XX,–X,–X,–6,–6,der(8)t(8;14)(p12;q13)!2,r(9)del(9)(?),–14,–14,der(15;20)(q10;q10)!2,
der(17)t(17;22)(p11.2;q12)!2,–18,–18,der(18)t(18;22)(q11.2;q11.2),–22,–22[cp5]

Panc 8.13 48�53,X,–Y,+ider(1)(q10)t(1;8)(q21;q13),+2,+3,+del(6)(p21.3),del(8)(p12),+der(8)t(8;16)(q22;q11.1),+9,+11,
+del(11)(p11.2),+12,–13,i(13)(q10),–14,ider(14)(q10)dup(14)(q11.2q31),der(15)t(14;15)(q?;p11.1)del(14)(q?)!2,
+der(15)t(15;22)(p11.1;q12),–16,der(17)t(16;17)(p11.1;p11.1),+del(17)(q23),–18,+20,
der(20)t(18;20)(p11.2;p11.1)!2,del(22)(q11.2)[cp4]

Panc 4.14 48�50,XX,del(6)(p21.3),+del(7)(p21),+i(8)(q10),+del(11)(p15)[cp7]a

Panc 10.05 39,X,–Y,der(1)t(1;22)(p12;q12)ins(1;14)(p12;q32q12),–3,der(4)t(4;10)(q12;q21),der(6)t(6;17)(q14;q12)del(17)(q22q24),
i(8)(q10),–10,–13,–14,–17,der(18)t(2;18)(p24;q11.2)ins(18;17)(q11.2;q12q25),–21,
der(22)t(3;22)(q13.2;p11.2)t(4;22)(q31.2;q13)ins(22;1)(q13;p32p36.1),del(22)(q11.2)[cp12]

Panc 1.28 76�105<4n>,XX,–X,–X,+3,t(3;14)(p21;q22)del(14)(q22q32)!3,+5,+5,der(5)t(5;17)(p15.1;q21)!2,
del(6)(p22)!2,t(8;11)(q13;p15),–9,+der(11)t(8;11)(q13;p15)!2,+12,+i(13)(q10),der(14;15)(q10;q10)!3,
–17,–18,–19,+20,+20,+20,1�3 dmin[cp4]/46,XX[3]

Panc 2.05 118�123<4n>,XXXX,del(1)(q25)!2,+ider(1)(?)del(1)(?)ins(1;16)(?;?),+2,+2,del(3)(p21),+del(4)(q21),
der(4)t(4;12)(p12;p11.2)!2,+der(5)t(1;5)(q25;q33)!2,+der(6)t(3;6)(q21;q15)!2,–7,+del(7)(q11.2)!2,
+del(8)(q21.2)!2,dup(8)(q?),+11,+11,+del(12)(q14)!2,+13,+13,+i(13)(q10)!2,–14,+i(14)(q10)!2,+der(17;18)(p10;q10)!2,
del(18)(q21)!2,+der(19)t(8;19)(q22;p12)!2,+20,+20,+20,+20,+21,+21,i(22)(q10)!2[cp5]

Panc 2.43 39�67<2n>,X,+X,der(Y)t(Y;13)(q11.2;q13),+1,+dup(1)(q12),+2,+del(3)(p12p21)x2,+4,+t(7;16)(q36;q11.2)!2,
+inv(11)(q13p15),+del(15)(q21)!2,+20,+20,–22,i(22)(q10)[cp2]/91�120<4n>,idem!2[cp4]

Panc 2.02 65�71<3n>,XX,–X,–2,+5,+7,r(8)del(8)(?),–9,–10,der(10)t(8;10)(q12;p15)x2,+del(12)(q15),+der(14)t(3;14)(?;p11.2),
ider(15)(q10)del(15)(q22),psu dic(15;18)(p11.2;q22)!2,der(17)t(2;17)(?;q25)del(17)(p11.2),–18,
der(18)t(10;18)(q11.2;q11.1)!2,+der(20)t(8;20)(?;q11.2),+21,der(22)t(10;22)(?;p11)[cp6]

Panc 2.08 87�96,X,der(X)t(X;11)(p11.2;?),–Y,–Y,–1,der(1)t(1;14)(p11;q11.1)!2,–2,der(6)t(6;15)(q15;q24)x2,+9,+9,–10,+11,
–14,–14,der(17)t(11;17)(q13;p11.2)!2,del(18)(q21)!2,+20,+20,+20,–21,–22[cp5]

a Karyotype established by G-banding only.
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  Chromosome region 8p in pancreatic cancer 
 Loss of regions of the short arm of chromosome 8 is com-

mon in epithelial tumors (Birnbaum et al., 2003). Meta-
phase cytogenetics has identified unbalanced transloca-
tions with loss of material distal to 8p12, and CGH studies 
in breast and other cancers have also shown loss of distal 8p 
material (reviewed in Pole et al., 2006). 

  We found loss of 8p in nine cell lines by CGH. SKY iden-
tified seven derivative chromosomes involving 8p; these 
were formed as a result of an unbalanced translocation at 
band p21 or p22 in three lines, as an unbalanced transloca-
tion involving an unidentified portion of chromosome 8 in 
one line, and as an apparent terminal deletion in three lines. 
We used YACs to cover band 8p21 (between approximately 
15 and 33 Mb from pter) (see  Fig. 4 a) to begin to investigate 
if a common breakpoint was involved. These results are 
summarized in  Table 3 . Two of the derivative chromosomes 
8 retained 888d12, (the most proximal YAC at 33 Mb), while 
the remainder lacked signal from all four YACs tested, sug-
gesting that the breakpoint was proximal to 888d12. Local-
ization of the 8p breakpoints will require further mapping 
with additional probes.

  Adelaide et al. (2003) found recurrent chromosome 
translocation breakpoints involving the  NRG1  gene at 8p12 
in 4/34 breast and 2/9 pancreas cancer cell lines. The pan-
creas lines were PaTu1 and SUIT2. Recently, analysis of 8p 
rearrangements in 48 breast, pancreatic and colon cancer 
cell lines using FISH and array CGH with a tiling path of 
0.2 Mb resolution over 8p12 and 1 Mb resolution over chro-
mosome 8 was reported (Pole et al., 2006). Included in this 
study were nine rearrangements of 8p in seven pancreas 
cancer cell lines. They showed breakage and loss between 
20–30 Mb from pter in two lines, at approximately 32 Mb in 

two lines, between 29 and 42 Mb in two lines, and between 
40–45 Mb in three lines. From their overall study, they con-
cluded that the complexity of 8p rearrangements includes 
various genes proximal to 31 Mb, involving both an ampli-
con of ZNF703/FLJ14299, and NRG1. 

  Chromosome region 18q in pancreatic cancer 
 Monosomy of chromosome 18 has been found YACare-

peatedly in pancreas cancer. Metaphase CGH studies have 

  Fig. 3.  SKY metaphase illustrating multiple unbalanced rearrange-
ments in cell line 2.08. (a) der(X)t(X;11)(p11.2;?); (b) der(1)t(1;   14)
(p11;q11.2) ! 2; (c) der(6)t(6;   15)(q15;q24) ! 2; (d) der(17)t(11;   17)(q13;
p11.2) ! 2; (e) del(18)(q21) ! 2. 

  Fig. 4.  Location of the YACs used to characterize breakpoints. ISCN 
G-bands listed to left of the ideogram, and megabases from pter to the 
right. YAC locations are approximate, based on information from STS 
markers described in CEPH/Genathon, as located on UCSD Build 
March 2006. ( a ) chromosome 8; ( b ) chromosome 18. 
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shown that partial losses of 18q are also common (Fuku-
shige et al., 1997; Mahlamaki et al., 1997, 2002; Curtis et al., 
1998; Gahdimi et al., 1999; Schleger et al., 2000; Harada et 
al., 2002). This has included loss of the distal half of 18q, 
including genes  DCC  and  SMAD4 . 

  Importance of 18q in the biology of pancreas cancer has 
been demonstrated repeatedly since early G-banded cyto-
genetic studies first indicated its frequent loss in this neo-
plasm (Johansson et al., 1992; Bardi et al., 1993; Griffin et 
al., 1994, 1995). Identification of  DPC4/SMAD4 , at 18q21.1 
as homozygously deleted in pancreas cancer was first found 
in 64% of pancreas cancers studied (Hahn et al., 1996), and 
mutations and loss of that gene have been reported numer-
ous times since then (reviewed in Furukawa et al., 2006). 
 DPC4/SMAD4  is located at 46.8 Mb in NCBI Build 36.1.

  CGH analysis of the 15 cell lines reported here showed 
loss of chromosome 18 material to be frequent. Defining 
breakpoints by metaphase CGH, however, is imprecise. Our 
G-banding and SKY studies identified eleven derivative 
chromosomes 18 in nine cell lines. We used seven YACS to 
further investigate the possibility of involvement of a spe-
cific region in 18q11.2. These YACs map between approxi-
mately 18 and 24 Mb from 18pter (see  Fig. 4 b). As can be 
seen in  Table 4 , presence of specific YACs on the different 
derivative chromosomes 18 varied, suggesting that rear-
rangements in this region are complex. However, our data 
do not exclude the possibility of one or more specific break-
points which might be identified using more sensitive map-
ping techniques in that area. 

  Several other investigators have described 18q break-
point mapping in pancreas cancer. Hoglund et al. (1998) 
investigated breaks in 18q in 13 primary specimens of pan-
creatic carcinoma studied after only a few cell passages. For 
proximal 18q, they used FISH with YAC 766f9 (localized to 
18q11.2) and a partial chromosome paint involving 18q11.1 
to show that loss of 18q often was proximal to YAC 766f9. 
Using current databases we estimate 766f9 is located about 
26.4 Mb from pter, approximately 2 Mb centromeric to the 

most proximal YAC we used. Alsop et al. (2006) studied 
breakpoints on chromosome 18 in nine pancreas cancer cell 
lines using BACs from an RPC11 library. They found break-
points in the centromere region in four lines. The break-
point was in proximal q11 in one line, within the region 
bounded by BACs 296E23 and 459H24 (18.7–20.4 Mb). In 
two other lines, breaks were between BACs 459H24 and 
5G23 (20.4–23.2 Mb). One line had breaks within 289A1 
(28.3–28.5 Mb) and another between 289A1 and 459B18 
(29.0–29.2 Mb). Our results, in combination with these, sug-
gest that breakpoints within the proximal 18q region are 
common in pancreas cancer.

  Very recently, since we completed our data, array CGH 
has been reported on a number of pancreas cancer cell lines 
(Aguirre et al., 2004; Heidenblad et al., 2004; Holzmann et 
al., 2004; Mahlamaki et al., 2004; Bashyam et al., 2005;  Gy-
sin et al., 2005; Nowak et al., 2005). Some of the studies have 
included some of the cell lines we report here. As expected, 
in addition to confirming regions of gain and loss identified 
by metaphase CGH analyses, the higher level of resolution 
attained by BAC and cDNA arrays has identified small re-
gions of genomic gain and loss not previously detected. Re-
garding 18q, loss of both proximal and distal 18q have been 
found. However, none used a tiling path array on 18q. Re-
sults also emphasize those deletions which are most fre-
quent and usually homozygous.

  Aguirre et al. (2004) using a cDNA array with average 
coverage of 1 Mb, found deletion on 18q. The peak bound-
ary of the most proximal deletion locus was 34.95–40.58 
Mb, but is listed as extending from 18.51 to 46.28; they also 
detected deletion at 18q22.1 ] q23 from 60.4 to 77.63, peak 
at 74.45–76.84. Bashyam et al. (2005), using a cDNA array 
with average resolution of 60 kb, found the most proximal 
18q deletion at 18q21 (46.7–46.8 Mb) with suggested candi-
date gene  WWOX . Gysin et al. (2005) used a BAC array with 
average of 1.4 Mb coverage and identified loss at 18q21.1, 
including  DPC4 . Heidenblad et al. (2004) using cDNA and 
BAC arrays with 1 Mb coverage also found homozygous de-

a b

  Fig. 5.  The extreme complexity of a meta-
phase from line 2.43. ( a ) SKY, ( b ) reverse 
DAPI banding of same cell. 
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letion in  SMAD4 . Nowak et al. (2005) used a BAC array with 
average 420 kb coverage; deletion of 18q11.21 ] q23 was 
found as a recurrent region of loss.

  Interestingly, the 18q11 region has also been identified as 
amplified in two related cell lines PaTu8988T and Pa-
Tu8998S in two studies. Heidenblad et al. (2004) found the 
amplicon at 18–20 Mb using a 1 Mb BAC array. Holzmann 
et al. ( 2004), using a 15 Mb BAC array, also found amplifi-
cation in PATU 8998 at 18q11.2 and suggested  LAMA3 
as a candidate gene in that amplicon. Amplification at 
18q11.1 ] q11.2 at 16.98–18.86 Mb was found in cell line 
LPC6 by Heidenblad et al. (2004). This is similar to the rear-
rangements of 8p12 studied by Pole et al. (2006), who noted 
both deletions and an amplicon in 8p12.

  There is reason to think that proximal 18q may harbor a 
tumor suppressor gene. Lefter et al. (2002) used microcell-
mediated transfer of a normal copy of chromosome 18 into 
pancreas carcinoma cell lines. They observed suppressed 
growth of hybrid cells in culture and in nude mice, com-
pared to the parental cells, regardless of the initial  DPC4/
SMAD  status of the cells, leading them to conclude that 
 SMAD4  was not the only tumor suppressor involved on 

chromosome 18. Sunamura et al. (2004) repeated this find-
ing and used an expression array to determine that four 
genes related to apoptosis (not named) were upregulated in 
the hybrid cells. 

  One of the difficulties in studying pancreatic cancer cell 
lines is the possibility of continuing genetic instability and 
development of subclones. During our SKY analyses we oc-
casionally encountered metaphases with significant ge-
nomic disarray ( Fig. 5 ) and in evaluating 18q breakpoints 
we not infrequently found cells that did not contain the de-
rivative chromosome being analyzed. Nonetheless, most 
described experiences with these lines have found them to 
be relatively stable. Indeed, of the five cell lines studied by 
aCGH by Nowak et al. (2005) for which we had performed 
metaphase CGH several years earlier, there was strong con-
currence of measurement of 18q deletions.

  In summary, these pancreas cancer cell lines contain sig-
nificant chromosomal complexity. Data derived from CGH 
and SKY analyses confirm and extend the genomic gains 
and losses first identified by metaphase cytogenetics, and 
help to elucidate the chromosomal structural alterations 
which result in these changes. 
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